We enrolled patients referred to Guy`s and St Thomas` NHS Foundation Trust and the Royal Brompton and Harefield NHS Foundation Trust sleep services (both London, UK) for treatment of OSA between 03/2013 and 12/2015. The patients underwent home-based nocturnal pulse oximetry before being seen in the service. The research team approached those patients with a nocturnal pulse oximetry test and a symptom score (Epworth Sleepiness Scale, ESS) suggestive of OSA and informed them of the study (pre-screening). All patients were provided with a patient information sheet and informed written consent was obtained prior to enrolment.(E1)
that they would contact any potential future participant >24h later to provide sufficient time to consider their decision and provide an opportunity to answer any questions about the trial. If the patient agreed to participate another appointment was made. Informed and written consent was obtained at this point following sufficient time for questions.
The eligibility criteria were assessed prior to enrolment. Inclusion criteria were male and female subjects, age >18years and <75years, body-mass index (BMI) >18 and <40kg/m 2 , current nonsmokers, sleep apnoea with an oxygen-desaturation-index (4%ODI) ≥15/hour or sleep apnoea with an ODI ≥5/hour plus an Epworth sleepiness score >10 points. Exclusion criteria were morbid obesity (BMI>40kg/m 2 ) or cachexia (BMI<18kg/m 2 ), obesity-hypoventilation syndrome (total sleep time with SpO2<90% of more than 10% of the night), active smokers with a smoking history of >20pack years, acute or critical illness, acute psychosis or chronic mental disorder affecting capacity, previous home-mechanical non-invasive ventilation and metal implants in the upper part of the body (this excluded dental implants). Patients on previous CPAP therapy who wished to participate were enrolled following discussion with the clinical team.
Enrolled participants were admitted for a diagnostic baseline full polysomnographic study.
Demographics and baseline measurements were recorded: past medical history, comorbidities, medication, smoking history, spirometry, arterial blood gas analysis, height, weight, BMI, waist/hip and neck circumference, Mallampati score and abdominal skin double-layer thickness. During the admission for the diagnostic sleep study, the patients were introduced to the stimulation technology to familiarise and to determine the lowest felt and the highest tolerated electrical current to define the range of stimulation current that could be used later during the interventional studies ( Figure   E1A+B ).
Following the baseline diagnostic full polysomnographic study (AHI≥15/hour or AHI≥5/hour plus Epworth score>10) the patients were randomised into two arms: In arm (A) the patient underwent active treatment during the first study night followed by the second night using sham-treatment. In arm (B) the patient would undergo a sleep study with sham-stimulation during the first night followed by a second night with active treatment. There was a "washout period" of at least three days between the two interventional sleep studies.
Following the titration of the current whilst awake, the patients would spend the first night of treatment arm (A) or arm (B) in the sleep laboratory and a full polysomnographic study was carried out (commencing no later than 22.00h). In the morning (07.00h) the patient were woken up and assessed for sleepiness and subjective discomfort (Stanford sleepiness and visual analogue scales).
The patients were then discharged home for the "washout period" of at least 3 days to guarantee no lasting effects caused by the first study night. They were invited back for the second interventional study night according to the crossover design for arm (A) or arm (B), commencing no later than 22.00h. In the morning assessment of sleepiness and comfort were repeated (07.00h). Once the end of the study was reached patients were referred back to the clinical sleep service for further care and follow up." to the body to record body posture (see online supplement for method); it was further by the technician attending the overnight recording. Pulse oximetry was used to sense oxygen saturation and pulse frequency. Airflow was measured via an oronasal thermistor, and nasal pressure was recorded with a nasal tube. Abdominal and chest wall movements were detected via uncalibrated inductance plethysmography bands around the chest and abdomen. Snoring was recorded with a microphone. Limb movements were detected with surface electrodes. An apnoea event was defined as the drop in the airflow by ≥ 90% of pre-event baseline using an oronasal thermal sensor for ≥ 10 seconds. Hypopnoea was scored when the peak signal excursions dropped by ≥ 30% of pre-event baseline for ≥ 10 seconds in association with either ≥ 3% oxygen desaturation or an arousal.
Hypopnoea was also scored in case of a ≥ 4% oxygen desaturation from pre-event baseline.
Obstructive events were scored when respiratory movement was seen, represented by the excursions of the thoracic and abdominal bands. A central event was scored when no respiratory movement was seen. Respiratory effort-related arousal (RERA) was defined as a respiratory effort associated with an EEG arousal without evidence of oxygen desaturation or significant airflow reduction. All respiratory events were scored according to the current American Academy of Sleep
Full polysomnography began no later than 22.00 h and ended around 07.00 h. The patients were woken and assessed for sleepiness (Stanford Sleepiness Scale ranging from 1-7) (E7) and subjective discomfort (a seven-points, self-rated visual analogue scale ranging from 0-10). Different domains were assessed, including neck and tongue discomfort, dryness of the mouth, sleep quality, feeling refreshed and morning headache. Blood pressure was recorded before and after each sleep study, with an automated device (Omron MX3 Plus, Kyoto, Japan). After the final sleep study and assessment the patients were transferred to the regular sleep service for further clinical care and follow-up.
Transcutaneous electrical stimulation
The stimulator was controlled by a computer using a specially developed software package (Sleep Apnoea GUI, MIAT ® , Petersfield/UK). Besides a live mode to titrate currents when applying the patches in the evening and testing subjective sensation thresholds of discomfort (these were marked as the maximal limits of current used at night) the software allowed for blind selection of either sham-or active stimulation mode to guarantee a double-blind study design.
Following randomisation and prior to the two interventional sleep studies, participants were introduced to the technology for familiarisation and to determine the highest tolerated currents to be used for the overnight studies. During the two interventional polysomnographies (active treatment and sham stimulation), the automated stimulation software was activated when the patient first reached stage N2 sleep and electrical current or sham stimulation was delivered in a 5s-on and 5s-off mode until the device was turned off in the morning.
Titration of stimulation current
Before using electrical current in human beings whilst asleep it is important to consider potential sensation (pain, tingling), frequencies (force/fatigue, arrhythmic potential), current (intensity of tissue penetration) and pulse shapes (sensation/force). Following on from our experience in the feasibility study (Steier et al, Chest 2011) (1) we commenced titrating the stimulation current in awake participants following explanations and consent. We started a titration ramp from 0mA and slowly increased the current to the first sensation threshold (mPL1) when the patient first noticed any sensation. We marked this level of current and then slowly increased the current until the patient felt that it became uncomfortable (MTL1). This threshold was again noted and the current was then decreased until the patient could not feel it any longer (mPL2). Eventually, the current was slowly increased again until the patient felt it became uncomfortable (MTL2). An average of the lower sensation threshold ((mPL1+mPL2)/2) and an average of the maximally tolerated level of current ((MTL1+MTL2)/2) were calculated and the maximal current for usage in the asleep patient was set to half the current between these averages ( Figure E2 ). This titration was undertaken prior to any interventional sleep study. 
Outcome Measures
The primary outcome measure for this trial was the 4%ODI per hour of sleep (events/hour). The 4%ODI was chosen as the primary outcome parameter in preference to the apnoea-hypopnoea index (AHI) because electrical stimulation can lead to an incomplete re-opening of the upper airway during an ongoing apnoeic event which, hypothetically, may result in a nominal increase in the AHI. Incomplete upper airway re-opening could, hypothetically, convert one long apnoeic event (complete cessation of airflow) into several shorter hypopnoeas (with limited airflow). As a consequence, the total number of apnoeas and hypopnoeas (i.e. the AHI) would increase. Due to a longer circulatory delay the 4%ODI is less likely to be affected by incomplete reopening of the upper airway.
Sample size calculation
A sample size calculation for the primary outcome, 4%ODI, was performed based on the results of a previous feasibility study. (E8) A sample size of 30 patients would achieve 90% power to detect a mean of paired differences between the two treatments of 17.9 events/hour with an estimated standard deviation of differences of 18.9 events/hour and with a significance level of 5% using a two-sided Wilcoxon test assuming that the actual distribution was normal. To adjust for the unknown distribution of the primary outcome and based on the lower bound for the asymptotic relative efficiency (ARE) of the Wilcoxon test, we increased the required sample size by 20% to 36
patients. Further accounting for a dropout and loss-to-follow-up rate of up to 20%, consistent with the experience from previous studies of this type, a total sample size of 44 patients was required for inclusion in the trial.
Statistical analysis
The differences in primary and secondary outcome measures between the "active treatment" and "sham intervention" were compared in a paired design (cross-over trial) using SPSS ® Statistics the chi-square test for categorical variables were used. To identify predictors of response a stepwise multiple linear regression including the variables "age", "gender" and OSA severity ("ODI") was performed. The level of significance was selected at p<0.05.
Results
In the diagnostic polysomnography of the studied cohort there was a non-significant effect of There was no significant improvement between the two nights (supine AHI during sham stimulation 44.9 (24.2) vs active treatment 38.6 (25.9) /hour, p=0.09. Results expressed as mean (SD).
Individual changes in the 4%ODI ( figure E4 ) and the AHI ( figure E5 ) plotted for the responder group indicate significant improvements. 
Multiple Linear Regression Analysis

